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Exercise-induced bronchoconstriction depends on
exercise load
K.-H. CARLSEN, G. ENGH AND M. MØRK
Voksentoppen Center of Asthma and Allergy and Chronic Lung Diseases in children and Voksentoppen Research
Institute for Paediatric Allergy, Pulmonology and Milieu, Oslo, Norway
Exercise-induced bronchoconstriction (EIB) is often used as a measure of bronchial hyperresponsiveness and
employed in epidemiological studies. Dierent tests are used, including free running tests with poor standardization
of exercise load. The present study aimed to assess the role of exercise load in relationship to level of EIB.
Methods: 20 asthmatic children, 9–17 years old with a history of EIB, underwent two treadmill test with 85% and
95% exercise load. The children ran with increasing speed for the first 2min until reaching a heart rate of 85% or
95% of calculated maximum (2207age) and maintained this speed for the last 4min. Lung function was measured
before running, and 0, 3, 6, 10 and 15min after the run. Borg scale for perceived exertion was employed for
children’s self-evaluation of exercise load.
Results: Peak heart rate, mean Borg score during 85% exercise load was 178?7/13?6 and during 95% was
194?3/18?2 (P50?001). Maximum fall in FEV1 after 85% exercise load was 8?84% vs. 25?11% after 95% (P50?001).
Nine subjects (40%) fell 10% in FEV1 after 85% exercise load vs. 20 subjects (100%) after 95% exercise load. EIB
from the 95% exercise load test had markedly higher correlation with serum ECP (r=0?77, P50?001).
Conclusion: Exercise load is essential for the interpretation of EIB, and strict standardization of exercise tests
should be undertaken. The EIB from the high exercise load tests seemed better correlated to inflammatory activity
than the low exercise load test.
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Exercise-induced bronchoconstriction (EIB) is a common
manifestation of asthma and occurs in 70–80% of untreated
asthmatics (1). EIB may influence daily life activities in
children and adolescents, and an accurate diagnosis of EIB
is important for an optimal treatment of asthma. Further-
more, EIB is recognized as an indirect measure of non-
specific bronchial responsiveness (2), and can be a marker
of bronchial asthma before the clinical diagnosis has been
made (3). It is important to diagnose EIB in a reliable
manner in order to take measures to master EIB.
Furthermore EIB may be seen as a measure of the severity
of asthma. It has also been used as an epidemiological tool
for diagnosing asthma (4,5). The magnitude of EIB, the
reduction in lung function after exercise, is partly depen-
dent upon environmental conditions. Cold air inhalation
during exercise increases EIB (6). EIB is also influenced by
humidity of the inspired air and apparently by exercise
intensity (7). Thus, it is important to standardize environ-Received 2 September 1999 and accepted in revised form 8
February 2000.
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0954-6111/00/080750+06 $35?00/0mental conditions during exercise testing. EIB is eectively
treated by inhaled steroids (8), and due to the common use
of inhaled steroids in asthmatic children, exercise tests
according to previous standardization (9) may not be as
eective in diagnosing EIB today. During admission to the
Voksentoppen Center we have noted a discrepancy between
a history of EIB and the results of exercise tests
standardized to sub-maximal load obtaining a heart rate
of 170min71. The primary aim of the present study was to
assess if increasing exercise load during exercise testing
influenced the magnitude of EIB. The secondary aim was to
assess whether the exercise load was critical for the
usefulness of exercise testing as a tool in diagnosing EIB.
Patients and methods
PATIENTS
All subjects in the present study were seen consecutively
and were inpatients at Voksentoppen Center of asthma,
allergy and chronic lung diseases, the tertiary referral centre
of allergy and lung diseases of children in Norway.
Inclusion criteria were a history of EIB not fully controlled
with their present asthma therapy. Exclusion criteria were
respiratory tract infections during the last 4 weeks and# 2000 HARCOURT PUBLISHERS LTD
EXERCISE LOAD AND EIB 751clinically detectable bronchial obstruction. Twenty subjects
were included. Asthma was diagnosed and graded by
severity as mild, moderate and severe according to the
definition given by the International Consensus Report on
Paediatric Asthma (10).
Inhaled short-term acting b2-agonists and disodium
cromoglycate were withheld for 8 h prior to testing; inhaled
steroids for the last 12 h, inhaled salmeterol for the last 36 h
and anti-histaminics and theophylline for the last 72 h
before any test, No patients used formoterol, since
formoterol was not registered in Norway at the time of
the study.
DESIGN
The exercise tests were performed as a part of the routine
clinical evaluation during one stay in the Voksentoppen
Center. The patients performed two exercise tests, one with
an exercise load of 95% of calculated maximum load and
one with 85% of calculated maximum load. The patients
were randomized so that half of the included children
performed the 85% exercise load test first and the other half
the 95% exercise load test first. Intervals of at least 24 h
were required between each of the two tests. All measure-
ments in each patient were carried out within a maximum
of 5 days.
The study was approved by the Regional Ethics
Committee.
METHODS
Lung function was measured by maximally forced expira-
tory flow volume curves (Masterscreen Pneumo, Erich
Jaeger GmbH & Co KG, Wu¨rzburg, Germany). Predicted
lung function values, when used, were according to Zapletal
et al. (11). The variability of baseline FEV1 (forced
expiratory volume in 1 sec) and MEF50 (maximal expira-
tory flow at 50% of vital capacity), measured on two
subsequent days, was assessed by use of the coecient of
repeatability (12).
The skin prick test was performed according to the
Nordic guidelines (13) with the following allergens: moulds
(Cladosporium herbarum), house dust mites (Dermatopha-
goides pteronyssimus) dog dander, cat dander, birch pollen,
grass pollen (timothy) and mug worth pollen (Soluprick,TABLE 1. Demographic data of the 20 subjects included in the stu
deviation and range
Age (years)
Baseline FEV1 (% predicted)
Baseline MEF50 (% predicted)
Serum-eosinophil cationic protein (mg l71) (n=19)
Serum-eosinophils (6109) (n=19)
Total Serum IgE (kU l71) (n=11)ALK, Copenhagen, Denmark). Total IgE was determined
by radioimmunosorbent test (Phadebas PRIST, Pharmacia,
Uppsala, Sweden), whereas specific IgE was determined
against the same allergens as in the skin prick test by the
radioallergosorbent test (Phadebas RAST, Pharmacia). The
results of allergy evaluation are seen from Table 1. To be
considered allergic to an allergen, a positive skin prick test
of at least ++ (1/2 of the reaction to histamine
10mgml71) or RAST class 2 to the allergen was required.
The patient was considered to be atopic with at least one
positive skin prick test or one positive RAST.
Serum eosinophil protein (ECP) was measured by the
Pharmacia CAP system ECP fluoro enzyme immunoassay
(FEIA) method, according to the manufacturers’ instruc-
tions (14). Briefly, monoclonal anti-ECP antibodies cova-
lently coupled to immunoCAP (Pharmacia) were allowed to
react with patient serum samples and subsequently, after
washing, with monoclonal anti-ECP antibodies containing
fluorogenic labelling. The level of fluorescence after adding
fluorogenic substrate was measured by a Fluorocount 96
(Pharmacia). The measuring range was 2–200mg l71 in
undiluted serum. The cross-reactivity with other granulo-
cyte proteins is less than 0?1%, according to the specifica-
tions of the manufacturer. The upper reference range for
healthy subjects is 16 mg l71 (14).
EIB was determined by running on a motor-driven
treadmill for 6min with sub-maximal exercise load (EIB-
test) (15). The inclination of the treadmill was 5?5%. The
speed of the treadmill was adjusted during the run to
achieve a steady state heart rate of at least 85% of
calculated maximum heart rate for the last 4min of the
running time on one of the tests (EIB85%-test), and at least
95% of calculated maximum heart rate on the other test
(EIB95%-test), respectively. The heart rate was recorded
electronically (Sport-Tester PE 3000 with memory func-
tion). FEV1 was measured before running, immediately
after, and 3, 6, 10 and 15min after cessation of running.
The exercise tests were performed in a conditioned room
with temperature between 208C and 248C and relative
humidity of approximately 40%.
Maximum percentage fall in FEV1 after the exercise test
was calculated by: (pre-exercise FEV17minimum post-
exercise FEV1)/pre-exercise FEV1*100%.
Minimum post-exercise FEV1 was the lowest of the
recordings at 0, 3, 6, 10 and 15min after the exercise test.
Similar calculations were performed for MEF50.dy. Unless otherwise states, data are given as mean, standard
Mean SD Range
12?75 2?43 9–17
106?12 12?97 74?9–128?0
80?95 22?57 37?7–121?0
27?95 18?45 7?20–85?00
0?401 0?391 0?075–1?450
597?1 751?8 12–2?000
752 K.-H. CARLSEN ET AL.Maximum heart rate per minute was calculated as
2207the age of the subject. The children assessed their
own perception of eort and exertion immediately after
completing the tests by use of the Borg scale 6–20 for rating
of perceived exertion (16).
STATISTICAL METHODS
Results are given as mean values with 95% confidence
intervals (CI) unless otherwise stated. Demographic data
are given as mean values +standard deviation (SD).
Dierences between the two tests were analysed by the
non-parametric Wilcoxon test for paired samples. Dier-
ences in categorical variables between the two test days
were analysed by the w2-test. Correlation analyses were
performed using the Pearson correlation coecient. All
tests were two-tailed with a significance level of 5%.
Baseline FEV1 was measured on two consecutive days to
calculate the coecient of repeatability, using the method
of Bland and Altman (12).
RESULTS
The 20 asthma patients (male/female=13/7) suering from
EIB included in the study had a mean age of 12?75 years
(range 9–17 years). Nineteen of the 20 patients were atopic.
Six patients used regular inhaled steroids and short-acting
inhaled b2-agonist on demand, 13 patients used regular
inhaled steroids and long-acting inhaled b2-agonists (sal-
meterol), no patients used disodium cromoglycate and only
one patient was without regular asthma medication. Seven
patients were assessed to suer from mild to moderate
asthma and 13 from severe asthma.
Three patients participated in competitive sports, nine in
regular physical training outside school, seven participated
in physical activities only during school, and one patient
seldom or never participated in physical activity.TABLE 2. Exercise induced bronchoconstriction, maximum hear
maximum exercise load. Values are given as mean with 95% c
85% exercise loa
DFEV1% predicted
Mild–moderate asthma (n=7) 8?04 (2?11, 13?98
Severe (n=13) 9?27 (4?97, 13?57
Total (n=20) 8?84 (5?69, 11?99
DMEF50% predicted
Mild–moderate asthma (n=7) 12?91 (3?00, 22?83
Severe (n=13) 19?24 (10?96–27?5
Total (n=20) 17?03 (11?02, 23?0
Maximum heart rate (n=20) 179 (177, 1881)
Borg score (n=20) 13?6 (12?36, 14?8
DFEV1% predicted=mean reduction in FEV1% predicted from
DMEF50% predicted mean reduction in FEF50% predicted froAge, baseline lung function, serum eosinophils, serum
eosinophil cationic protein and total IgE are given in Table
1. Only one patient had no allergy. Eighteen patients were
found to be allergic (Specific serum IgE class 2 or above or
SPT 2 or higher) to animal dander, 10 to birch pollen, three
to grass pollen, seven to house dust mites, four to moulds,
three to mug worth pollen, and seven were food allergic.
Maximum reduction in FEV1% predicted as per cent of
baseline was significantly greater after running with the
calculated 95% load (mean value 25?11%, 95% CI: 19?57,
30?65) than with 85% load (mean value 8?84%; 95% CI:
5?69, 11?99) (P50?001) (Table 2).
Maximum reduction in MEF50% predicted in per cent of
baseline lung function was also significantly greater after
95% exercise load (mean value 40?84%; 95% CI: 34?04,
47?63) than after 85% exercise load (mean value 17?03;
95% CI: 11?02, 23?03), (P50?001). Similar findings for
both FEV1% predicted and MEF50% predicted were
done within the groups with mild to moderate and severe
asthma.
Forty per cent of the children (nine children) experienced
a maximum fall in FEV110% of baseline with 85%
exercise load, compared to all 20 children with 95% exercise
load. Five children (25%) had a reduction in FEV115%
after running with 85% of calculated maximum exercise
load vs. 17 children (85%) after running with 95% of
calculated exercise load.
Baseline FEV1% predicted and MEF50% predicted did
not dier significantly on the two test days (Fig. 1).
However, the FEV1% predicted was significantly lower
after 95% exercise load than after 85% exercise load
immediately after running (P=0?006), 3min after
(P50?001), 6min after (P50?001) and 10min after running
(P50?001) (Fig. 1). For MEF50% predicted no dierence
was found at baseline and there was no significant
dierence immediately after running (P=50?086), but a
significant dierence was found 3min after running
(P=0?002), 6min after running (P50?001) and 10min
after running (P=0?003) (Fig. 1).t rate, Borg score after treadmill run with 85% and 95% of
onfidence intervals in parentheses
d 95% exercise load Significance
) 18?31 (12?54, 24?09) P=0?02
) 28?77 (21?11, 36?43) P=0?001
) 25?11 (19?57, 30?65) P50?001
) 32?00 (20?21, 43?78) P=0?03
2) 45?59 (37?43, 53?75) P=0?001
3) 40,84 (34?04, 47?63) P50?001
194 (192, 197) P50?001
4) 18?2 (17?6, 18?7) P50?001
before to after exercise test.
m before to after exercise test.
FIG. 1. Lung function (FEV1% predicted and MEF50%
predicted) before and after run on a motor driven
treadmill with 85% of calculated maximum exercise load
(~) and 95% of calculated maximum exercise load (*).
Results are shown as mean values with 95% confidence
intervals.
FIG. 2. Maximum reduction in lung function (FEV1) in
per cent of baseline after run on a motor driven treadmill
with 85% and 95% of calculated maximum exercise load,
respectively. Individual values connected with lines are
shown. Mean values are marked with short horizontal
lines.
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exercise load was 179 min71; 95% CI: 177, 181; after 95%
exercise load 194 min71; 95% CI: 192, 197 (P50?001). The
subjective assessment of exercise load (perceived exertion),
by use of the Borg scale, demonstrated a significantly higher
Borg score after 95% exercise load (mean score 18?15; 95%
CI: 17?58, 18?72) than after 85% exercise load (mean score
13?6; 95% CI: 12?36, 14?84) (P50?001).
The speed of the treadmill at the end of running was 7?20
(6?76–7?63) kmh71 (mean, 95% CI) with running at 85%
exercise load vs. 9?39 (8?82–9?96) kmh71 after running at
95% maximum exercise load (P50?001).
A highly significant positive correlation was found
between FEV1 reduction after 95% exercise load and s-
ECP (r=0?77, P50?001), whereas the correlation between
FEV1 reduction after 85% exercise load was markedly less
although still statistically significant (r=0?49, P=0?03)
(Fig. 2). No significant correlation was found betweens-eosinophil count and FEV1 reduction either after 85% or
95% exercise load.
Discussion
The present study demonstrated that mean reduction in
FEV1 after the treadmill run was more than doubled after
employing an exercise load of 95% of calculated maximum
(25?11% of baseline FEV1% predicted) compared to 85%
exercise load (8?84% of baseline FEV1% predicted). Similar
findings were made for MEF50% predicted. Furthermore,
by use of 10% reduction in FEV1 after exercise as a
diagnostic criterion of EIB, only 40% of the asthmatic
children with a history of EIB were correctly diagnosed by
the test using 85% exercise load. Conversely, all children
were diagnosed to suer from EIB by use of the exercise test
with 95% exercise load.
754 K.-H. CARLSEN ET AL.In 1972 it was described that EIB varied with the
intensity and duration of exercise (17,18). At that time it
was found that the duration of exercise provoking the
greatest EIB was 6–8min, and that the exercise load should
be 60–85% of the predicted oxygen consumption (17), they
also found that running was better suited than swimming,
cycling or walking to provoke EIB (18). The findings of the
present study are in agreement with these early reported
findings and also with an earlier study by Noviski et al.,
who found an increased fall in FEV1 after higher exercise
intensity (7). However, they varied temperature and
humidity of inhaled air simultaneously. The particular
eect of the exercise load was thus dicult to discern in
their study (7).
Exercise induced asthma is a main manifestation of
asthma. A recent report found that the severity of EIB
varied with the severity of asthma, employing a cycle
ergometer test with the children performing at 80% of their
maximum heart rate (19). Thus, even when employing a
cycle test, and a less than optimal exercise load, the
reduction in FEV1 varied with asthma severity. However, it
is notable that only children not using inhaled steroids were
included in that study. Such a standardized test may thus be
less useful in patients using inhaled steroids.
Mastering EIB in asthmatic children is very important
for mastering daily life and being able to participate in play
and sports. The successful treatment of EIB has been set up
as one of the three major objectives in treating childhood
asthma by the International Consensus Report on Treating
Childhood Asthma (10). Exercise tests with varying
standardization are being used for the diagnosis of asthma
and EIB, as well as a tool to monitor the eect of asthma
therapy and environmental measures. By use of exercise
tests as a monitoring tool, the ecacy of inhaled steroids
has been demonstrated (8,20). Thus, to have reliable results
from exercise tests are important, and furthermore it is
important to employ sensitive tests in order not to overlook
cases with EIB.
Exercise tests have also been used in an epidemiological
contest as a diagnostic criterion for asthma (21,22). Many
dierent ways of standardizing the tests have been
employed, varying both exercise type and environmental
conditions when performing the test, and also without
specification of exercise load (5). The present study
demonstrates the importance of standardizing the test
conditions, in particular as regards exercise load, both for
diagnostic purposes in a clinical setting, in epidemiological
studies, and when using exercise tests as a monitoring tool.
The value of exercise tests in epidemiological studies is
reduced greatly by lack of standardization, and secondly
has been made much less sensitive by employing low
exercise loads.
In a previous study we found that exercise tests for
diagnosing EIB are specific for the diagnosis, but with a low
sensitivity when comparing asthma with other chronic lung
diseases (6). By increasing the exercise eect by adding
inhaled cold dry air, the test was much more sensitive, but
at the same time maintained a good specificity. This also
underlines the importance of standardizing the ambient
conditions, such as temperature and also humidity.By use of Borg scale for ratings of perceived exertion the
children assessed the subjective exercise intensity (16). The
subjective feeling of exercise load was much higher after
running with 95% exercise load compared to running with
85% exercise load. Although such a test with a higher
exercise load is clearly more strenuous for the children, the
children themselves expressed the opinion that the higher
exercise load was more relevant for the kind of exercise they
experienced during play and sports activities. All children
except one used inhaled steroids, 13 in combination with
long-acting b2-agonsits. In spite of this the children still
complained of EIB, and the heavy exercise load of the 95%
exercise test is thus reflecting what they may be exposed to
during daily life. This underlines the importance of using an
adequate exercise load for diagnosing EIB. It has been
reported that another measure of indirect bronchial hyper-
responsiveness, the bronchial response to inhaled hyper-
tonic saline, is correlated to the number of eosinophil and
basophils in peripheral blood in contrast to bronchial
responsiveness to metacholine (24). The highly significant
correlation between EIB from the 95% exercise test and
serum ECP in the present study further supports the
relationship between indirect bronchial responsiveness and
inflammatory activity. The higher exercise intensity test
seems better related to inflammatory activity than the lower
intensity test, and thus is a better measure of asthma
activity.
In conclusion, for proper use of exercise tests both as a
diagnostic tool as well as a monitoring tool, standardizing
the exercise load is of vital importance. The test with higher
exercise load seems better related to inflammatory activity.
To ensure a good sensitivity, the exercise load must be kept
high enough.
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